Ligamentous instability, ankle muscle weakness, footankle alignment, and generalized joint laxity may be predisposing factors for ankle ligament injuries. The purpose of this study was to examine the reliability of these risk factors before and after the season in healthy individuals and to determine if any significant differences developed during the athletic season (range, 12 to 16 weeks). Twenty-one healthy college-aged athletes were tested for generalized joint laxity, anatomic alignment of the foot and ankle, ligamentous stability, and isokinetic strength of the ankle muscles. This study showed that generalized joint laxity, ankle ligamentous stability, and ankle strength measurements demonstrated high correlation coefficients ( r > 0.75). The high correlation coefficients suggested reliable measures.
Some of the range of motion measurements had lower correlation coefficients, which suggested more variability in these measurements. After establishing the reliability in 24 of the 28 measurements with standardized methods, further work is underway to evaluate the role of these factors in inversion ankle sprains. Ankle sprains are common.24~25°42 An estimated 2 million patients in the United States sustain acute ankle sprains each year.51 Fifty percent of these injuries are evaluated as severe ankle sprains. In a cost analysis study, Soboroff et aI.51 found that the cost of treating these injuries ranged from $318 to $914 per sprain, with an annual aggregate cost of 2 billion dollars.
Many studies have been done on the diagnosis and treatment of acute ankle sprains 1, 6, 16, 22, 23, 27 ; however, few studies have examined the causes of ankle injury. Lysens et all classified risk factors as either extrinsic or intrinsic. Extrinsic factors include the type of sport, playing time, level of competition, equipment, and environmental conditions. Intrinsic factors are physical characteristics such as age, sex, strength, range of motion, joint stability, and generalized joint laxity. A few studies have attempted to examine these factors and their relationship to the incidence of ankle injury. 20, 41, 47, 53 The first step in determining the cause of inversion ankle sprains is to assess the reliability of the clinical methods used to collect the data.10 If there is a wide range of data variability (e.g., before and after an acute ankle sprain), significant differences between subject populations may not be detected. Although the reliability of the methods used in the present study have been verified individually with repeated measures analysis, 2-5,15,17,29,32-34 the potential differences caused by a training effect in generalized joint laxity, anatomic measurements of the foot and ankle, ankle ligament stability, and ankle strength during an athletic season have not been studied.
The purpose of this study was to examine the reliability of these intrinsic risk factors pre-and postseason in healthy individuals and to determine if any significant differences developed during the athletic season.
MATERIALS AND METHODS
One hundred forty-five college-aged athletes (73 men, 72 women; age range, 18 to 23 years) were recruited before the season to participate in a prospective study of ankle injury risk factors. A subset of 21 healthy athletes was the basis for this study. These athletes were injury-free during the athletic season and were retested after the season. All ath-*Presented at the 19th annual meeting of the AOSSM, Sun Valley, Idaho, July 1993 address correspondence and repnnt requests to Bruce D Beynnon, PhD, No author or related institution has received any financial benefit from research in this study letes participated in an intercollegiate outdoor sport on a grass field in lacrosse, soccer, or field hockey. Demographic data are presented in Table 1 . Initially, each athlete completed a health history survey and an athletic activity questionnaire. Individuals with a previous grade II or III inversion ankle sprain, a history of a surgical procedure involving the foot or ankle, or individuals who regularly used an ankle brace or tape were excluded from this study. After informed consent was obtained, each individual was tested by the same examiner (JFB or DMA) using each of the following four parameters.
1. Generalized joint laxity was assessed using the modified Beighton method4 (see Table 2 on page, 566).
2. Anatomic measurements of the foot and ankle using standardized goniometric techniques were performed according to the method of James et aI. 33 These measurements included forefoot varus and valgus, subtalar inversion and eversion, and ankle dorsiflexion with the knee extended and flexed to 90° in the prone position. The tibial varus and valgus and calcaneus varus and valgus were measured with the athlete in the standing position.
3. Clinical provocative testing of ankle ligament stability was performed using the anterior drawer and talar tilt tests. The anterior drawer test was performed with the patient sitting, the knee flexed to 90°, and the ankle in 10° of plantar flexion.45 The amount of anterior displacement of the talus relative to the fibula was assessed. A grading system of 0 (mild displacement), 1+ (moderate displacement), and 2+ (severe displacement) was used. Dimpling of the skin in the area of the anterior talofibular ligament was seen in patients with grade 2+ sprains. The talar tilt test was performed with the subject in the same seated position with the knee flexed to 90° and the ankle in the neutral position. Twenty degrees or more of calcaneal inversion or a 10° difference between left and right ankles was used to indicate a positive test. 15,17 4. Isokinetic ankle strength was assessed using the Cybex 6000 dynamometer (Lumex, Inc., Ronkonkoma, New York). Calibration of the system was performed at the start of the testing and at monthly intervals as recommended by the system manual.3° Ankle plantar flexion and dorsiflexion and inversion and eversion strengths were assessed for each limb. Standardized positioning for this testing was done as recommended by the Cybex Isolated Joint Testing & Exercise Handbook.30 Five practice repetitions for each ankle were performed before data collection to allow the subject to become familiar with the equipment and to warm up. At a speed setting of 30 deg/sec, five maximal repetitions were performed throughout the subject's full range of motion. The subject had a rest period of 3 to 5 minutes between each test bout. Consistent verbal encouragement was given. Peak torque strength values were obtained, and percentage strength deficits were calculated for each ankle motion of each limb.
Each athlete was monitored during his or her sport season and tested after the season (range of the athletic season, 12 to 16 weeks). Of the 21 athletes in this study, none sustained an injury during the season or before testing.
For each of the four parameters studied, reliability was determined by comparing pre-and postseason data using chi-square and bivariate statistical analyses to determine correlation coefficients and the level of significance. Statistical analysis was done for the left and right limbs separately.
RESULTS
Demographic data for the 21 subjects, including height, weight, sex, sport, and limb dominance, are presented in Table 1 . Pearson (r) correlation coefficients were used to compare the pre-and postseason data for the parameters of generalized joint laxity, anatomic measurements of the foot and ankle, ankle ligament stability, and ankle strength. These results are presented in Table 2 . The data taken before and after the season correlated highly (r < 0.76 and P < 0.05) in 24 of the 28 measurements. The exceptions included right subtalar inversion range of motion measurements (r = 0.65 and P < 0.05), right and left subtalar eversion range of motion measurements (r = 0.72 and P < 0.05; r = 0.37 and P = 0.07, respectively), and left ankle dorsiflexion (knee extended) range of motion measurements (r = 0.68 and P < 0.05).
DISCUSSION
Numerous studies have examined the potential causes, both intrinsic and extrinsic, that are linked to athletic injury.9, 11,12,18,53 Many of these studies are limited in that they did not report the specific injuries,31,52 their factor selection, 28,49 and often their retrospective study design.4° Noticeably absent from these studies are the reliability analyses of the measurement techniques. A causative factor must be reliable to have value in predicting an injury.
It has been speculated that the presence of generalized joint laxity predisposes an individual to joint injury.13,14 In addition to a nonspecific increase in injury incidence, prior investigations have attempted to correlate generalized joint laxity with specific abnormalities such as patellar dislocation 13 and congenital dislocation of the hip.l4 Beighton et al.~ validated the method used for this paper by studying individuals with connective tissue disorders and hypermobility syndromes. The reliability of this method over time has not been established. In the present study, generalized joint laxity values obtained before and after the season correlated highly (r = 1.0), indicating that these values were reliable measurements.
Lateral ligament stability was assessed using the anterior drawer and talar tilt tests. These provocative tests have been used extensively to measure the integrity of the anterior talofibular and calcaneofibular ligaments, respectively. 6-8,31,32 36,47 Ligament sectioning studies have further validated these tests and their correlation with specific ligament injuries.44 Although the interrater reliability is varied for these tests, reliability is improved with intrarater assessment in experienced hands. 5,32,34 An objective measurement device designed to control the position of the foot and the amount of force during the drawer and tilt tests has had variable reliability results .37,48 The pre-and postseason stability tests correlated highly in this study (r = 0.9 to 1.0). One examiner performed all the provocative testing, which may account for the highly reliable results.
The use of isokinetic strength testing during the last decade has refined the clinicians' ability to quantify muscle strength. Karnofel et aI.35 studied interrater and intrarater reliability of the mean peak torque values produced by plantar flexion and dorsiflexion and inversion and eversion motions isokinetically. Intrarater reliability ranged from 0.78 to 0.94; interrater reliability ranged from 0.82 to 0.94. Leslie et aI.38 found that the range of motion target blocks, also used in this study, increased the reliability of inversion and eversion isokinetic testing.
The Pearson correlation coefficients for the strength measurements ranged from 0.78 to 0.94 in the present study. These high values suggest that no significant increase or decrease in strength was evident during the athletic season. Although a training effect, which is represented by an increase in muscle strength, has been found in the large quadriceps and hamstring muscle groups,26 the present findings do not support an increase in strength for the smaller muscles of the foot and ankle during the 12to 16-week testing period.
Anatomic variants of the foot, including cavovarus and pes planus deformities, have been implicated in foot and ankle injuries.19,29,43 To analyze cavovarus and pes planus deformities and other abnormalities, range of motion and joint position during weightbearing were assessed. Multiple methods have been used to accomplish this task.33 46 Establishing the subtalar neutral position, as was performed in this study, provides a basis of reference to compare range of motion and joint position values. In other studies, the reported values for reliability of foot and ankle measurements were 0.74 to 0.90 for intrarater reliability and 0.25 to 0.60 for interrater reliability.21 &dquo; Despite using intrarater measurement techniques, the anatomic measurements of subtalar inversion and eversion and ankle dorsiflexion with the knee extended were moderately variable and unreliable (r < 0.76). Because of the high variability of these measurements between testing sessions, these changes cannot be attributed to alterations, such as training effect, that occurred during the athletic season. Further study is needed to decrease the variability of the measurements for subtalar inversion and eversion and ankle dorsiflexion and to increase their reliability both between testing sessions and during the athletic season. After these values are considered reliable, abnormalities in these measurements can be assessed as predictive of subsequent injury. SUMMARY Generalized joint laxity, ankle ligament stability, and ankle strength measurements had high correlation coefficients (r > 0.76) in the healthy, college-aged athletic population when measured before and after the athletic season.
The high correlation coefficients suggest reliable measurements as assessed over time. The high level of significance (P < 0.05) also supports these findings. The range of motion measurements involving subtalar inversion, eversion, and ankle dorsiflexion (knee extended) have lower correlation coefficients and are not as reliable. Other published studies examining these measurements found similar results with high variability in test-retest measurements of subtalar range of motion .2150 To assess the role of foot and ankle alignment as a predictor of inversion ankle injury, reliable measurement techniques need to be developed. The remaining 24 variables, which were assessed in this study using standardized methods, are reliable. [291] [292] [293] [294] 1986 
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